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RISTORY OF 'IHE H.ARK 4 BOMB (U)
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This history recounts the reasons why the
Mark 4 Bomb was needed, -and tells . the story

.of its design and develop-uent in broad
outlme. .

. Information Research Divisionm, 3434
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-- Figure &, Nuclear Insertion -- On Gfdund

An original version of :he ground insertion -
process. The: tripod was removed before the

bomb was installed in the plape, e

- o (b)(n.'(b)(s)

" Figure.5. Nuclear Insertion -- Inflight

Inflight insertion.version. Baskets to
hold the high-explosive sphere segments;
arms to hold the nose plate and polar cap.
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TIMETABLE ‘OF MK 4 EVENTS .

Im.tial considerat:[on of weapon.

Z Division of the Los Alamos Laboratory organ:lzed - lﬂ: 4
development sterted. .

Z-Division representatives ‘'started move to Sandia Basge.

" ‘Issuance of Z-Division progress reports begun.

Mk 4 sehedule defined. A .
Initial practice -drop made at the I.os Lunas Bomb:lns Range.
Operation Crossroads at Bikm:l Atoll - Mk 4 development

"~ interrupted.
. Atomic Energy Aet passged.
. Z Division consolidated at Sandia Base.

First half~sca1e Mk 4 drops eonducted af Salton Sea '.l‘est

Base. _ o
Sandia Researéh and"Developu';eﬁt Board-organ:l.zed.

Z Division becomes Sandia Branch, Los Al amos: Sc:lentific
Laboratory. : :

Operati.on Sandstone at the Enxwetok Atoll -

Mk &4 Preliminary Evaluation Report issued.

Mk 4 weapon enters stockpile.

Mk 4 deve'lopment )
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- Chapter 1 - The Design Task
The Mk h weapon was the first atomic: bomb to be de51gned as s practical picce
of ordnancc as conttasted to a laboratory device that would function properly
“only. when assembled and used by hxghly traxned personnel under closely
controlled conditions. The initial approach to this bomb was made early in
1945, shortly after the wartime otdnance designs vere frozen. At this time.

. the imp10510n-type weapon (uhieh had been Lnitially called the 1561 aftet its
.Los Alamos drawing number) had been coie-named the Fat Man in recogn1t1on of
its outer shape, ‘which possessed a distinct mxdriff bulge. Various designs
of the Fat Man.were subsequently assigned Mark nOnenclature, but there is
‘some question as to the precise definition of either the Mk I or the Mk II
designs.  The vef;ion.ef the Fat Man that was-manafecturEd and stockpiled

after the end of the War (to the basic wartime design)-wds called the Mk IIL.

There were several reasons why it was necessary to redesisﬂ the Mk III. I“»

addition to the desire to Create a praetxcal plece- of ordr’nce--one that

could be used in combat by a military team of average trainlng and
capab1lities-—if was hoped to'develop better‘mangfactufing and essembiy'-

~ techniques and to clean. up-narginal balliseic and~vibraticn characteristics,

>in the interests of improving bomking -accuracy. - The weapon chat eventually.

evolved from these redesign &fforts was for a time called the. Mk IV Fat Man,

- but toward the end of the program the Roman numeral was replaced by the

Arabic'rumber 4, and herein we will generally refer ‘to the weapon as the
Mk 4. | |

-Initially, consideration was given to design and manufacture of various
ballistic or external shapes, investigation of internal pressures within

the high-explosive sphere, redesign of detonators for easy installation,

1
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- and the proper nu:t.ber of }iigh-exp osive lenses for efficieat ig;plos:loﬁ'.
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- These stLdies,'at first carried oﬁt in diffevent parts of the Los Alamcs

Laboratjry, were consolidated in one organfzation Avgust 2, 1945, when tbe

. Z Divis
design &nd dehvery -of atomic bo:nbs.- Jerrold Zacharias, who had been
active in the radar gr0up of the Massachusetts Institute of Technology
Radiation Laboratory, was selected to head this new organxzation, the

-2 nOmenclature st.mming from the first letter of his last naze.

The ‘broad ‘area of responsibility of the new Division’ was 1ndicated in a

*on of the Laboratory was created to carry on activities of orénance

memorandum dated August 6, 1945, from Dr. Zacharias to J. Robert Oppenheimer,

Director of the Los Alamos Laboratory. In part, the memorandum read:
"With the organization of 2 Division in such a fluid state, it
1s tempting to put nothing on paper. The Division is likely ’
to becone larger and to take on so many duties of so many
- different divisions that a more vertical organization than

is usual in Project Y [Los Alamos] will have co be sought "

Dr.’ Zacharias then proposed an organizatlonal breakdown of the Division,

with ﬂork assignments as follows.

241, Expttimental SyStems;Engineering, to perform airborne testing,

ballistics, aerodynamicé,,radar, and informer or telemetering work.

2-R, Assembly Factory and Pgdcdrement; to procure, .assemble, and

ship weapons.

Z-3, Electrical Engineering, to design firing circuits and detonators.

Z-4, Mecnanicaf Engineering for Productlon, to be concerned with

~ general engineering changes, and--most pertinent to this Hlstory--the

"coordination of development of streamlinzd gadget t" (i.e., the Mk 4.

z-3, EleCtron’c En;lneering, to handle fuze davalogment.

CLASSIFTED
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Chapter 1I - Early Development

It now became neeeeeary to provide.adeouate'spaoe and facilities for'thei
work of the 2 Division. The first step in this direction was taken in
the fall of 1945, when the Engineering Division of Los Alamos was requested
.to design a testing laboratory. Thie laboratory vould simulate on the
ground the ccnditions which bombs and ‘component:s experienced in flight.
This testing laboratory was subsequently built and proved of. materiai

assistance in the development of the new weapon.

A'Heanwhile, a proper work-location for tbe‘éssembly groub, 2-2, wae'being
discuesed This organization, which was largely staffed wich military and
Civil Service personnel, could be administratively separated from the rest
of the Division, and required an area convenient to air and rail trans-
portation. A logical spot was the former Oxnard Field;“tbe original
Albuquerque Airport (oow called Sandia Base), which already was the prooerty
‘of the Manhattan Engineer District, having’ been obtained in July 1945 for
the never-coxsummated objective of providlng space for temporary storage
of atomic-bomb materiel during World War II. A meeting was held at Sandia
. August 29, 1945, at which time it was decided to transfer Z-2 to Sandia
Base. It was also decided to remove the W-47 Flight Test Group from
Wendover Field Dtah, aud’ bring some of these personnel to Sandis Base.
After further discussion, it was decided that weapons production and test

activities would be concentrated at Sandia and design,work at Los Alamos.

The firsc Z-Division representatives moved from Los Alamos to Sandia Base
September 27, 1945 and on the following day Dr. Zacharias 1naugurated

the practice of issuing monthly progress reports.6 The initial report of

the Mechanical Engineering Group, 2-4, noted that work on the Fat Man was
directed toward making this bomb a more reliable and serviceable weapon--more

of a re-engineering task than a radical redesign of the entire gadget,
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(“Gadget" wes a common term in those daye for an atomic device.) The report
pointed out that the Mk III had to be assembled cOmponent by- component, vhile
‘it was hoped that the new bomb could be put. together in fairly large :
subassemblies’ In line with this objective, a start had been made in
consolidating some of the- electrical items into.a “cartridge" that could be
inserted into the weapon as & unit (in the same manner that a cartridge

'wes inserted in the chamber of a rifle)

A conference between military and Z-DiviSion personnel had meanohile been
'held at wriSht Field, Ohio, September 21, 1945, to review aireraft capable
of carrylns the proposed bomb. The B-36 long-range bomber was in the last.
phases °f design and was nearing the flight-test stage, and several jet-
PF°P91195 medium bombers vere being developed. However, the B-36 had a
.‘tEIatively low top speed, and the fet boooers (at.that time) were restricted
in range, so it was concluded that any immediate redesign of the Fat Man
must, °f mecessity, keep the. B-29 in mind as the delivery vehicle.

A Mk 4 planning meeting was held October 4, 1945, at which an optimistic
- schedule was laid out. The coefficient of expansion of che -high-explosive
" -sphere was to.be determined by November 1, 19&5 The external shepe'of the
bomb and the: elements of the firing circuitry were to be settled by .
Decenber 1, and the sphere assembly and mounting were to,be designed by
" December 15. iDrawings of the tail, the cartridge, and the electrical
“equipment were to be prepared by Japuary 1, 1946. "Handling equipment was

to be available by February 1; full -scale drops were to be started March 15;
a pit and sphere assembly was to be completed bf May 15; and the entire

bomb was to be ready for stockpile production, with all problems solved,
(b)(3)

by July 1, 1946

It {s obvious ... that the

RS 343471

UNCLASSIF




...,, UNCLASSIFI

14~ - - . BS 3436/1

estimated date of Ju1§ 1 for the eompleted:bomb i5 contingent oq.tﬁe j.
progress mede.with the pit.”é' Hoﬁever, it was understood:that, should
theAnuclear'des}gn be produced, theAweapons hardrare'group:wea-td be

. reedy with the reet efithe bomb,'end the.Z'Diviaioﬁ'swung_intb high

gear.

During design of the wartime Fat Han, there had not been enough time to -
make a thorough analysis of component functions and .thelr relationships
to the overall weapon system. . A -study was.thus started, covering the
': circu;t:elements of the bombd and the part played by such factors as-

‘ simultapeity of switeh operetion in overall efficiency.- Ballistic

" problems, x:rther dcscribed in Chapter 1II, also were examined. To .
meet this need a field-test range was secured, arrangements made for .

wind-tunnel work, and special telemetry apnaratus started into design.

.Improvements were made to various elements of the firing system, notnbly
. the x-unit, which created the hlgh-voltage surge of current that fired
the weapon detonators. The wartime implosion bomb had been equipped
with an X-unit whose capeéitors were cherged.to epproxiﬁately 5600‘volts‘
before the bomb was released from the carrying airplane.. This not only
created a hazard to the bomber crew, but made it necessary to pressurize
the X-unit to prevent internal arcing at bomb release altitudes. A gefer
and simpler X-unit was designed, which was charged after the bomb had

fallen.to its fuzing altitude, a safe distance from the strike aircraft.

Detonators were modified'for easier installation, and much attention was
paid té the design of segﬁent molds and.the lenses for most efficient
implosion of the high-explosive sphere. Extensive tests wers made of
face pressures between high;eiplosive segments, and studies were conducted
of improved systems of detonator tabling. The protrudiﬂs Mk II1 (Yagi)

antennas were redesigned to be recessed into the flattened nose of the

<
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bomb, thus simplifying qeapon'handling; So-called "Dipsy-Doodle”™ flight
. tests were conducted to determine the effects of signal interruption on
" the fuzing and firing system, and rinor improvements were made to radar

. unite and to the clock box eircuits.ﬁ-

The entire Division compiled iisis of needed personnel and prepgredvplans‘ _
. for ‘anticipated space at Sandia and Los Alamos. Many Division members
"were military representa:ives of the Special Engineer Detachment of the
.AHanhattan Engineer District that had been formed to assist Los Alamos
scientific personnel during the war, and efforts were made Fo.intefESF

" these people in iransferriﬁg to the Z Division in a civilian capacity.

This acceieration of effort con;inued for several 6onths, only to be:
slowed down (in the design ares) by many circumstances. One of these
was Operation Crossroads, the first postuar'fﬁilfscale test of atomiﬁ
¥ombs.»iThi§ operation :ook.place at Bikini in July 1946, aqd many
_people from the 2 Division were assigned in theAearly months of thé yeer
‘to help with the work. A second factor was loss of supervisory person-
nel. As an example,gbr " Zacharias returned-to the Massachusetts
Institute of Technology on September 28, 1945 (to be succeeded by

Roger S. Warner, Jr., previously in charge of Z-2B, 'P;oduction
-Schedules and Hanuals") This was the first of many such wmoves, as -
in the next 15 mOnths 8 out of 10 z-Division supervisors were to leave -
and be similarly replaced. A third item was the loss of trained military
personnel as postwat demobilization got under way in early 1946 and .
career officers were returned to prewar commands . Finally, the lack of
specific directives for new bomb design and production, and ‘the general

dearth of needed facilities impaired the progress of the overall WOIFA

~ UNCLASSIF
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When the Crossroads contingent returned to the Division in the late. summer
of 1946, work on the Mk 4 was resumed, although at z somewhat slover pace.
The Crossroads test had included an atomic device detonated under water,
endtthe success of this explosion againet target ships resulted in a )

demand for a penetrating weapon. The work on this latter device resulted

in manpower being diverted from the Mk 4 program.

. The passage of the Atomic Energy Act, August 1, 1946 resulted in cancel -
“latien by the Military of plans for Sandia buildings and facilities. The

. newly created Atomic Energy Commission could not - immediately act ‘to counter
this cancellat1on, and securing»needed space for the Mk 4,effort.wes

‘ delayed Supply problems were aggravated as a result of the physical

) separetion of parts of the Divisioa from Los Alamos with the Z-Division
-Progress Report of October 1946 noting that daily operations wvere "continually
‘hamoered by an 1nadequate supply of the common every-day types of electrical

equipment ... such things as ordinary rosin solder, hook-up wire, etc.

The need for this new weapon was, however, becoming mote apparent with the
Division Leader reporting on November 29, 1946: "As ve reach the end of - tbe
1561 FM stockpiling program ... we are finding more and more subassemblies
which are marginal .... In certain ceses where we have taken steps to
‘bolster one weakness, another deuelous, and so on ad nausesm until we

reach the stage where by physical handling :nd reworking the'component

is worn out before it reaches the stockpile .... Because of the low con-
fidence I have in the 1561 gadget, I reque:: the Tech Board to permit me

: 8
to-carry through with the Mk IV test progrea under forced draft.”

Consequently, by early 1947, work was agair moving forward and progress
could be noted.9 A full-size Mk 4 prototyr: shape was built and used in
the design of handling equipment. ‘The Z-4 zroup was moved from Los Alemos~

to Sand.a Base, thus consolidating the ent e Division at one location.

U‘"‘LASS FIED
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Mr. Warner became the AECfs first Director of Engineering and was replaced
as.head of the 2 Divieion by Robert W. HenderSOnAof'Z-L. The Armed Forces .
Special aeapons Project was created to handle military functions relating
to atomic energy, with an office being established on Sandia Base o '

provide Hiaison with the Z Division.

A date of Mafch‘lS 1948, was agreed to at a'meeting of Z-Division super-
visors on April 16, 1947 for a "proven Mk IV bomb ready to be procured in -
'quantity by Roud " (Road was a general code term for production and
stockpiling activities, as the fact that the Division was producing atomic '
weapons was highly classified.) - The meeting report also.noted: A
tremendous responsibility has been given to Z Division to have this bomb
by the above deadline because either the Mark IV .is ready by that date or
all work must cease and a new project along different lines mwst begin.. ‘
' (Official recognition was_thus taken of approachiné new weapons programs.Y;
All groups were requested to determine.their manpower'needs and to make a
realistic estimate of any additional personnel required, "‘331121“3 that

even after the people have been found, a 45-day. delay for clearance will
10
follow "

New employees subsequently Were added to the Division The~cartridge
design was completed and started into production A thorough study was
made of the proper ‘location of detonator cabling. The sphere design was
‘°°mP12t d, and the assembly of the sphere to the outer case was ‘checked
~out. I vestigation was made of barometric switch operationm, including
the proper locationAof external ports in the outer case to prouide.
pressure sensing as the bomb fell toward the target. It became‘nece.sary
to seal the outer case to control this pressure sensing, and different
sealing methods were proposed and tested. Handling equipment and storage

containers were designed and built.

UNCLASSIF
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specifications, was issued Japuary 15,
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1949, A'crésh'program produced

test and handling éﬁuipment for military training ind_fof possible

emergency use. As a result of this ‘ﬂtensive effort, the first Mk 4

Bomb entered stockpile March 19,.1949.21

- RS 3434/1
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"Field; and to confer with aerodynamicistt and ba]1istics experts They
were informed that the best tail vas a design using four equally spased ' )
'airfoils, and that these airfoils had- t$ extend some distaxcc Cuf lrom .

the body of the bomb since, at high veldcities, the air flow br'ue awBY
' tfrom the bomb contour at approximately ¢he maximum dismet.c ¢ L" bcmb-
It was felt unwise to’ permit the veloci&y of the bomb to exc- ¢ *ach'l
(:he apeed of sound), due to buildup of vibration, and it was s".=~$ted
thar. a tail shroud be used to retard the rate of fall of the boub if this
" velocity was approached in full-scale dqops. The use of a blunt rather

. than a round nose was recommended in an,effor: to £urther retard the rate
of fall.A' 3 B . ] e

TA wind tunnel test program was outlined, to be conducted at Aberdeen.
Body shapes without tails would be initially investigated, and the bést
shapes fitted with ;imple-fins and testdd further. If these designs were
not completely srdble, a circular tail“dhrood would be added. These wind-

dtunnel'tésts would be made at speeds exﬁected to be encountered tn actual
drops, and stability of the bomb shapes1at higher or 8“P315°“1° speeds
would be checked by firing 20-m1111meted-diameter models from a 8““ Ie
was felt: that little could be done to zdprove the body of the bomb, due

‘to the dimensional limitations imposed oy high-explosive sphere and bomb

! : . 22
bay, and that efforts should be concentrated on tail modifications',‘

1t had been decided to start full-scale &est drops as soon as possible,

and an aerial survey of World War II praptice ranzes in the vicinity of

Albuquerque was made September 19, 1965,fby members of Z-1. As a result,
Range S-1 (which was renamed the Los Lun%s Range) was selected for use.
This range was located west of the town of Los Lunas snd approximately

25 miles southwest of~A1bdquerque.23

{
l
In preparation for the work at Los Lunas, recording and commnications

gear was installed in traxlers which coald be based at Albuguergue and
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less yaw in flight -than the standard fin. Fairly cohsisteot oerﬂormance
- was also.obtained'using,a_thin fin (with & olen area decreased approxi-
mately 25 percent) and a circular shroud. Ncicher of these two types, _‘

however, gave completely satisfactory ballistic.performance.27

-buembgfs of the Armed Forces Special ﬁeapoos Projectlsoggested that a
group of aerodynamicists might be'able to suggest inﬁrovements in -
ballistic characteristics, inasmuch as a great deal hsd recently been
learned concerning actions of bodies passing through the transonic
: region, which had been pierced by manned eircraft only a few months
"PfeViOﬁblyL Consequently, representatives of horthrop, Rand, Douglas,
‘North American, Boeing, Wright-Patterson Air Force Base, Inyokern, and
Aberdeen'formed an advisory panel which initially'met May 26 and 27_ 1948.
- The panel suggested that thin fins ‘with flat sides and wedge cross . '
sections would perform better than fins with curved sides and ‘airfoil
cross sections.. It was also proposed that the planform of the fin be
enlarged and drag introduced by the use of plates or spoxlers to hold
- the Vel°C1':y of the bomb below the transonic range. -Arrangements were
msde to use the Coopcrative Wind Tunmel at the California Institute of "

28
TeChn°1°83, which had a greater velocity range than the Aberdeen tunnel.‘.

The flat-sided wedge fins were subsequently tested at the Cooperative
Wind Tunnel and exhibited good stabilit'y.22 Consistently good results
yere‘obtained from drop tests and, ia mid-September 1948, the large-plan

wedge fin was tentetively'selected for use.29’30

Detailed results of
‘tests at the_CooperativeIWiﬁd Tunnel.became available October 1, 1948,
and confirmed the results noted above. Perforated tail plates were
tested on two bombs; one with a square plate and the other circular.
The first gave improved -ontrol over pitch and yaw, while the second

resulted in decreased control--hardly a conclusive test.
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Since tlaere was nd% 2 limited -amount of time and drop tests that could be
“made, 1t' was decided to concentrate on trials of a large-plan wedge, a
thin-fin shroud wedge, .a dorsal wedge, and a large plan with a sloping
leading edge. All these, it was felt, would have sbout the same bal-
'listlc cheracter:.st:’.cs. A closer examination of wind-tunnel data '

) 'subsequently narrowed the choice to a large-plan wedge or a thin-fin

- shroud wedge. - It was.then found that the teliability of the ,thi.n-f:ln .
shroud declined in high-speed, high altitude drops, whereas the large-plan

wedoe -did not, ‘and the latter design became the’ obvious choice.

Aberdeen wartime experience with certain experimental bombs had .j.ndicated.
that a "flap" pleced-at the rear of-a bomb shroud (which presented a
greater angle of attack to the approaching air than the £in) would help

to stabilize bomb flight, and large-plan vedge and thin-fin shroud tails
were prepared with this modification. The first to be dropp-d was the
latge-plan wedge. One drop showed such excellent flight characteristics--
with pitch and yaw .of only about 2-1/2 degrees and a ballistic velocity A
coe'fficientonly slightly loiaer then that ef the thin-fin shroud--that

it was deemed advisable to concentrate on further drops of this" type,
‘rather than expendlng time and energy on the thin- fin shroud, which was
difﬂcult to Eabr1cate-22 Accordingly, the large-plan wedge design was

frozen for Road producti.on in December 1948.
(b)(1), (bY3)
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"occur wt}en the Mk 4 was released at altll:udes of 26 000 to 31,000 feet, S
and it \gas recomended that releases be made’ above or oelow this tange.Bz
4 It was heorized that this instability was caused by the development of _
a large shock wave.near the fins and the use of circumferentisl spoiler =~
bands’ to create smaller shock waves at the mid-point of the bomb and |
prevent formation of this one large shock waye, was suggested.”_ Iests L
subsequently made in t;he~Wtight Field wind tunnel showed that the Mk &

shape with five of these spoilef bands possessed good stability. 34
;"These wind tunnel tests- were the last pert‘ormed on the Mk & weapona as
it was felt more logical to apply the spoiler bands to th-. ...,aproaching
Mk 6 Bomb rather than to retrofit them to the Mk ‘..35 .As a result, all

ballistic testing on the Mk 4 Boub came to an end.
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case. The center "belly band” section vas split at the top 56"h?t it -
could be spread apart with‘bssémbly tools and.slipped over the.s?hafe
Elangés fﬁr positioning over the center section .of the sphereﬂ. Tension A
'5olts pulled the'éplit;band together at the top.. A large rubber géskep s
sealed the_sutfaces Ghere'the steel casedmet the aluminum sphere case.
The fdrwafd case subpof;ed the antenna noseé plate, which could be removed
"~ for acéeSsALo the Sphefev The infligﬁt insertion gear'was supported by
‘the forward case, The four fins, which were: of aluminum ;heetémetgl
. comstruction, were bolted to the rear case.
(b)3)

" The cartridge structure supported the fuzing components, was cylindrica}
in shape, and used riveted aluminum sheet-metal construction. The X-unit

was bolted to the forward end of this assembly, ané the entire unit was
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‘fastened to the bomb sphere case by bolts throush the x-unit flange.
Shelves and mauut1ng plates were provided in the cartridge structure

for ins#allation of fuzing cosponents. -

' Ihehfuz ng and firiug eystem contained tﬁe same general compohehts used . .
in the } III Mods 1 .and 2, but were mounted in a single cartridge structure.

" The: x-unit used the same basic electrical ‘design as that of ‘the Mk IXI, but -

" was redesigned to reduce size and weight, and -to’ adapt it to the cartridge
'structure. '

’

- The four radar antennes had cavity-backed slot designs-and were nounted
on a nose plate at the front of the ‘bomb. Being flush with the outer
surface of the weapon, these uere superior from the aerodynamic and
-handling standpoxnts to the Yagi- type anteuna used on the Little’ Boy and
Mk III Bombs.'

- . The clock timers and.betteries were preuidedAwith heated, insulated couers
to proteci: agalnst freezing during. flight to the target. These he aters g
-were powered from the aircraft electrical system through a cable con~
nection -at the upper surface of the rear case which was separated when the
bomb dropped away from the aircraft. This same pullout cable was used

during flight to monitor the electrical cornpon_ents in the ‘bomb.

‘The "Archie" tadars were modified APS-13 "Tail Warning Charlie" radars
developed during World War II. They were adapted to the bomb fuzing :
BPPIiCXtIOH by using a different antenna system and modifying the range

gate. ©®

The early radars required alteration by soldering

iron to change the range setting, but later modiflcat1ons provided plug-in

gate lines.
(b)(3)
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The fc following aircraft were equipped to deliver the Mk 4. For the Air
Force; B-29, B-36D, B-36F 3-473 B-504, and B-50D. For the ‘\av ; AJL
and AJ2. Since the Mk & was originally designed ’or carrzage by B-29.

and similar land-based aitcraf;, no provision had been made for resisting
catapult loads. With the development of Navy aircraft capable of :aking
off with the bomb from the deck of an aircraft cartzer, ‘some dlfficult)
at the sway-brace locatious was encountered. This was overcome by
tedesigning the svay braces in the aircraft bomb bay so as to distribute

the load over a sufficlent area to prevent damage to the outer case of
. the Mk 6. : -

. The Mk & Mbd O Bomb entered stockpile March 1949. ‘It was not equipped -
for inflight nuclear insertion. It included the Type c pit and had an
'inflatébl:_r“bBeI‘SESkEC to seal the ballistic case, Bago ports were.
located at the nose of the bomb, and the entire interior of-the.bomb

case was used as a "plenum chamber" to provide static pressure to the

"oatoswitohes.'

The "Mod-Alt” change system was not in use at this time, and major changes
were processed underAa "black" change,sfstem; All weapons in a given
."b1°°k" of units incorporated the same changes. In May 1950 the
Mk-Mod-Alt. weapon designation system was instituted, and the weapon was
divided into chree major assemblies, bomb, fuze, and capsule. 42 The

EOmb capablg of inflight nucleer insertion became the xk % Mod 1

‘UNCLASSIFIED
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(previoesly ideﬁtified as the Block 7 weapon). 1t also included'e solid
‘ rubber gasket for sealing the'ballietic case. Smce it had 2 'Iype (v pit, '

~the complete bomb nomenclature was Mk 4 Hnd 1-C.

The:Hk 4 Mod 2-C Bomb incerporated a baro menifold which was a circular
copper tubing assembly installed in. the rear ballistic case.a? Static
pressure was provided from intake ports in the rear cover plate throush
flexible hose: leading to the manifold. and edditional flexible hnse con~

' nected the manifold to the baroswitches. The accuracy of the baro systemA
was improved by this change, since it no longer depended on a sealed

ballistic case for a static pressure source.

The Mk & Hod 2-D Bomb incorporated a Type D pit wich a higher yield 4
Special handling equipment was required for irsertion of this capsule
into the pit, and. included a 1o-ading tool and a capsule al ignment tcal
or loading trough. By the end of 1951, all Mk '4's had been retrofitted ‘
to the Type D pie. 43 ' ' '

The Mk 4 Mod 3 Bomb incorporated a'lightweigﬁt magnesium.antenna nose
plate for easy manual handling. TIhis permitted simplification of. the
inflight nuclear insertion gear and speeded the operation.  Since this
change was ipcorporated on bombs having either the Type c-or D pit, it
vas {dentified as the Mod 3-C or Mod 3-D. '

The “carEridge".beéeme, under the new system, the Mk 4 Mod 1 Fuze. -

This included the AR-10A "Archie" radars (four required), BS-4 or B?-S
Baroswitches (six reyuired), M-127-"c10ckV timers (eight required), .

Mk &4 X-unir, ‘and lead-acid ER-12-10 betteriee; The components were , » _

- . (b)(3)
mounted on an aluminum structure for convenient installation.
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interval before supplying power to the firing set. Thié'tiﬁe.iqterval
allowed the airplane to get beyoﬁd radar fuzing.rangé;:Preve“tinS pre- .
matureIQegéﬁatioﬁ by radars ranging off the aifﬁraft. CIOsing.qf_the
arming switches by the clocks alioch current from the 30-vo;§-b§ttery
packs-to-fiow'through':ﬁe X-unit choke ana the closed firing.switch.-

- This current flow caused a magaetic fieL§ to~be built up in the ;boke.

..At'a predetermined alfitudg, well ab0ve.thé_5esired bursf height, b5f°;-
switches closed, allovwing the radars to start transmitting and reéeiving.
At the:preset burst height, the ranging of any tw9 of the four radars off
the target operated a ralay network which opened the firing switch in the
X-unit. The rapid'openiné of this firing éwi*ch-caused a collapse of the -
magnetxc field in the choke, transferring electrical energy to a condenser.
When - the voltage in the condenser built up to approximately 4000 vnlts,

_the- spark-gap switch spontaneously broke down, allowing cutrent to flow

o through the gap and the detonator circuits.

Bridge wires in the detonators'ugré vaporized by the high-voltage pulse..
This detonated the explosive material in the detonatofS.fWﬁiCﬁ in turn -
ignited the high-explosive charges of the sphere, creating a spherically )
convergent detonation wave which compressed the nuclear components to )

supercriticalxty.

(b)(1). (b)(3)
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‘ Chqptef V- Mk & Improvement

After the Mk 4 entered stockpile, design improvements continued despite
the facl that.mﬁch'of thgfengineerigg staff was transferred to work om
other w;ayons, A list of desirable modifiqatiéns-ﬁas.cogpilg&,.based_.,
on a joint’military-SandIa'survey; and, aftér thorough:reﬁiew, was
formally issued May 18, 1949, under'thé-title "Desired Military and

s : 48
Technical Characteristics of FM Type Atomic Weapons.”

Five areas were listed, including weapon battery, ballistics, inflight
nuh{ear insertion and exttaction):lightweight‘casé,-and improved fu;ing
system. Battery improvement, due to the state of the art, was deferred
for later consideration; the ballistics story has been developed in’ .
Chapter III. ' '

.The inflight nuclear insertion and extraction prqject was already well

(bX3)
pnder wav. as studies had started in earlv 1948,

access door while the nuclear capsule was being. guided into P°31t1°“ were
also provided. This support devxce was temporarily bolted to the nose
of the'boﬁb while it was in the bomb bay of the aircraft proceeding to
target, and was m;ngglly operated.18 A later production version elimina-
teq the suppoft_arms'for the nose plate and access door, which by that

" time had been much reduced iﬂ weight.

CLASSIF

[CLASSI

RS 3434/1

3

FIE




38« . ©UES 3431

®)3)

It was originally felt that the Mk 4 should be protectad against flak by
n outer case of 1'4 inch thick armor plate. Those attending the August 25»
‘1945, meeting that discussed general bomb features had felt that this pro-
tection was unnecessary,zz’and as a result the weapon was constructed with
;;caée of 3/8 inch-thick mild steel. The Bureéquf'Ordnance later noted
that aluminud of fered ‘somewhat better ﬁrotectioﬂ than steel, when equal
weigbts of materials wére used and es a result some reduced-scale’ aluminum .
cases of 3/4-inch thickness were designed built, and drop tested in 1947.
However, - -the fact that strong steel -cases were normally used.in bomb
constfuctipn led the Mk 4 desigﬁers back to this material.
Th AL F ot e ™ df hi ht 14 ed e
e d a & 2 5 1w
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This topic was mentioned in the September 30, 1948 meeting of the Sandia
Research and Developmcnt Board vith Sandia pointing out that the change
" would mecessitate @ major change in material sources, tooling, ‘end bomb

handling equipment, snd that ‘a thorough stres, analysis would be required.

Subsequently; conszderable correspondence on. the acbject dcve10ped between

;tbe Division of Hilitary Application, Military Liaison Committee AEC andf

~ Sandia, with efforts being made to determine whether or not there'was a

53,54,55, 56
real need for-the heavy case for either flak protection or storage.

On December 24 1948, Sandia informed AEC that a developmant program for
reduction of Mk 4 Bomb weight had been established at Pro;ect Roger (the

Army's Rock Island Arsenal, which was handling certain weapons production

- work) and its subcontractor,  the American Car and Foundry Company. The

.‘purpose of this program was. to evaluate and recommend weight reductions .
based or an aluminum outer case produced by the same _tools used for forming

the steel casing.57

..Meanwhile, various pressures were exerted both for and against the design
of a lightweignt case,s8 »39, 60 with the matter being decided February 17,
1949, when the Division of Military Application directed Sandia to sub- °
‘contract the design of an aluminum case.61 On March 16, Northrop Aircrnfr,
Inc., was invited to design a riveted case,62 and in May the American Car

. and Foundry Company was asked to design a welded case..

Ballistic testing of both the riveted and welded cases was conducted in
December 1949, and static and dynamic tests were run at Wright Field.63
These<proved that both cases.were ‘satisfactory, and, inasmich as cost and
weight comparisons were roughly equivalent, it was decided to procure both
types.§4'65’66f67 Production of the riveted design was turned over to

Project Royal (the AEC manufacturing facility at Kansas City), and the

_39- - L RS 3634/1
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Heanwhile, it was becommg evident that the lightueight case and the
1mproved fuze could be put into production simultaneousl;, and in July

(b)3)
1950 a high- priority or "crash" program called 4-N was. established )

'Shor tTy
iﬁ%reafte;: Soeever, it was decided to treat the,mpdified'Hk'A as an

entirely new weapon, and the program evolved into the Mk 6.

Desigh attention was also given tefimptbving the pré$50?3°6péf°ted or.
barometric switcn which “armed" or élaeed the radai ia operatioeal con=-
ditionm, The original approach had been to consider the interior of the
‘bomb as a plenum or pressure chamber and to measure the Pfessure as the
bomb fell through the air toward the target. Vent holes to the ex;egnal
atmospﬁere_were located in the nose of the bomb;'and it became necessary

;o'provide an a;reight seal between the sectioms of the bomb case.

It was’at'firse.thought that an infla;able rubber'tube wouldieerve for

thié 3E31.74 but it was found impossibdble to-maintain air pressure in

this tube. In addition, the relatively large volume bf the plenum ehamber
mede it difficult to secure rapid responses to changes in external air
density, and it was decided to substitute & small-volume manifold con-
structed from & length of tubing bent into a circular shape and installed
under. the contour of the bomb skin near the tail. Because of the possibtlity
.of the nose ports bec&ming plugged with ice,75 they were relocated -in the

tail plate.76

10D
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. lmplosion-Type Bomb -- A weapon based on the primciple discovered by
Professor Charles E. Munroe, Washington, D. C. ‘Written up by him in
- Seribner's Magazine and the American Journal of Science in 1888 and in :
. Popular Science Monthly in 1900. Rediscovered by Egon Neuman of Germany, w.
who secured German and .English patents in 1910-11.  The Munroe principle
notes that an increased explosive effect is created when an unconfined
; cylinder of high explosive is hollowed out. In 1920 the Journal of the
Society of Chemfcal Industry CLondon) stated that "no prac:ical uge has
-apparently been made of .this discovery."” Suggested by S. H. Neddermeyer.
at Log Alamos as a means for producing the extremely nigh pressures
reéquired on the capsule of an atomic bomd. Not much »ttention was paid
to the suggestion until it received the backing of Jo: a von Neumann and
‘George Kistiakowsky, The same principle was used in the Pacific area
in World War II as a means of destroying Japanese pillboxea, end f°f
increasing the penetrnting effect of rockets. -

Kiloton Yield ---A means of measuring the effect of a nuclear explosion
by comparing it with the effect of an explosion of TNT. Omne-kiloton
yield is equivalent to the effect of 1000 tons of high explosive.

Kirtland Field -- An Air Force Base located in Albuquerque, New Mexico,”
and using pavt of the.facilities of the Municipal Airport (Sunport).
Kirtland Field was built in 1939 with the help of federal funds. Named
for Colonel Roy F. Kirtland, one of the earliest Army aviators.

®)X3)
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Manhattan Engineef District ~- A district.of the Army Corps of Engineers -
established in August 1942 under the command of General Leslié R. Groves-
to develop -weapons using atomic energy. : :

Militagz Liaison Committee -- A committee established by the Atomic_Energy ;
Act of 1946 to advise and consult with the AEC and on behalf of the . ' i
Department of .Defense, on all atomic-energy matters relating to military :
applications of atomic. weapons.: Chairman can be any active or retired .
officer of the Armed Forces. Includes a representative or representatives

* from. each Department of the Armed Porces.

Operation Crossroads -- See Crossroads.

Operation Greenhouse -- See Greenhouse.

Operation Sandstone -- See Sandstone.

Oxnard Field -- Constructed in 1929 as the airport for the City of
Albuquerque by Frank G. Speakman. Named Oxnard Field in 1931 for James G.
Oxnard, who financed its expansion and who was its owner until May 1942,
- when the area was taken over by the Government for an Air Depot Training

Station.
(b)(3)

Xadars -- See Archies. Named For géﬂio-getéztins And gpngingf

Salton Sea Test Base -~ Located on the site of a Naval Auxiliary Air
" Station on the shores of Salton Sea, California. Acquired in June 1946
- for ballistic tests of the Z Division.

_Sandia Base -~ Located -east of the City of Albuquerque and adjoining

- ‘Rirtland Field. Encompasses.the area formerly occupied by OXHaFd_field.

- plus additional land extending south to the Isleta Indian Reservation
and east to the Manzano Mountains. Operated. under the tripartite

- control of the Armed Forces Special Weapons Project.

Sandia Laboratory -- An outgrowth of the Los Alamos Laboratory's
Z Division. Originally established as Sandia Branch of LASL; in
November 1949 it became an independent entity, Sandia Corporation,
with a contract with the AEC and under the managerial direction
of the Western Electric Company.

Sandia Research and Develo ment Board -- A joint Sandia Laboratory-
military board formcd at Sandia Base to provide local guidance on
weapons design.

[CLASSIFIED
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‘.Sandstone -- I’ull-scale t;Bt operation held in the Pacific in April 1948. |

- Tactical and Technical Liaison Comittec -- A committee of Air Force
_officers established to provide liaison between the atomic project . snd
the Air Force prior to admittance of the Air- I-‘orce as a member of the
Armed Forces Special Weapons Project.

E -_'1'_el___e_§£1 -~ The science of radio transmission of infomation to a ground
station from an object traveling in space. '

Wendover Field .- Located'in Ut.eh west of Salt Lake City. A trnining
- location for the Army Air Forces work with wartime atomic bombs. '

W47 Fl _ght Test Group -- The Army Air Forces group stationed at Wendover
Field during World War I1. Part of this group was transferred.to Kirtlsnd
Field after the war and helped in the bomb drops at Los Lunas. :

‘Yagi -- A radar antenna developed by a Japanese scientist.

-..ﬂ‘!i& “W QMM"EM L""b‘

2 Division -- A Los Alamos Laboratory division estsblished in July 1945
to handle development work on atomic bombs. Purt of the Z Division was
moved to Sandia Base at the close of the war, and became the nucleus of
Sandia Laboratory. Named for Jerrold Zacharias, first leader of the
Division. : : '
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. mSToRY oF THE ME 5 BOMD: .

» "'_-.‘_The feasibility of creating a small implosion bomb was ‘ofie of the weapon ":
'concepts studied ‘ny the Los- Alamos Scientific Laboratory after the end

. of Horld War II. The over-all size of the wa.rtime Fat Man device (vhich

_ ‘_-was to be as la.rge as possible) had been established by the dimensions

.© of the B-29 bomb bay a.nd the existing state of mplosmn theory, a-nd the”

resulting weapon was a bomb with rea.sonably hlgh muclear efficiency, ‘but .

..which was. difficult to handle due to its bulk and welght (60-inch dlﬂmter: -
128-1nch length; 10,900-pound weight). Comsequently, calculations were. ° - .

‘- made of compressmns produced hy small—diameter hlgh-erplosive spheres, g

“‘and different arra.ngements of nuclear nateria.l vere studied. ”

L

' This small mPlos:.on deslgn was of interest to the Milita.'ry, and the ,
. Military Liaison Committee informed the Atomic Energy: Conunission October 31,.

191*7, that current i_mplosion bombs did not lend themselves to wide or
.ﬂexible ‘employment , and that a wespon both lighter and smaller thas the. : o
" Mo k.(then in design) would be of considerable nilitary importance.l The .- L. °
- ,. At‘mi°~ Energy- Comnission, in replying to this letter on December 10, 191&7, :' AT
: pledged SuPPOrt of- 8 vigorous progran to develop & small bmb'x.w‘ : : S

- Meanwhile the Division of Military Application wrote to. Santa Fe Operations '
Office November 25, 1947, noting that - any reduction in bomb weight would’ ) '
- result in en- inerea.sed ra.nge of the carrying aircraft and pointed out that'

o "Reduced dimensions might open- up an enti‘re new field of flexibility in

B the employment which could ‘ne a’ decis:.ve mﬂuence in the military

_.ca.pahility of getting the bombs hane in war." A However it was noted.

" that the Los Alamos effort on Operation Sandstone (to be held in’ the *
. Pacific during the summer of 191&8 to test new nuclea.r designs) might
:dela,y starting work on the new weapon.3<_




'During l9h8 it 'became apparent tha.t detemination of s:.ze, sha.pe a.nd
:weight for the 1ighter a.nd smaller _wespon required an. understa.ndins of e
- milita.ry aircraft:, delivery plans a.nd problems A conference vas. conse— ) ] '
. quently held at Los Alamos September 2.and 3, 1 9h8 vhich was, attended by " :
",representatives ot the Military, AEC weapon laborato:ries, end cleared
- "_~mem'bers of the a;[rcra.ft industry. It was decided that. a. 'bomb with a. -A ‘
- :diaxneter of k0 to L8 inches ‘and weighing between 5000 and. 6000 poutxds .
_'vould cause significa.nt improvement in a.ircra.ft performance and increa.se o
’ .the pro'ba.'bility of successful weapon delivery. It wes felt that the .
~:<len5th of -the weapon should be reta.ined at 128 inches.é, :

(b)(1). (0)(3)

-b--During the foregoing study period the proJect had been. knovn a8 thie Sma.ll S
o Weapon PrOST&m and was: directed by the Los’ A.lamos Comnttee for Weapon

Development.. It was su'bsequently transferred Octo'ber ll 19L8, to the

W (Wea.pon Development) Division of Los Alamos with the req_uest tha.t this

* Division undertake.en. "experimental,. calcula.tional ‘and fabrication .. |
. progran a.imed a.t the production of a speciﬁ.c model of a complete small o
.-_wea.pon for test ea.rly m 1951."6, . S




o0, O

L 'I'he work of the W Division ‘almost imediately imrolved the Ssndia Bra.nch
: of the Los. Alamos Scientific Laboratory a.nd it was suggested that- a .

Steering CQmm:Lttee be established to direct development wvork on the )
T

. weapon. This new group initially met November 3, 1948, a.nd ‘the Chair-
. .man noted that much confusion hed prencrusly arisen due- to various terms

used to identify a given weapon, and suggested tha.t e standard weapon o

* “name ' as well as a. designa.tion for the Steering Committee be established
'Hk Iv nomenclature had elready ‘been a.ssugned 8 it vas. logicel to use. .
- the next mm'ber, Mk Vv, for this device. The COmmittee felt, however, that '

development models of the veapon should 'be specifica.lly 1dentified, ‘and
it was deeided to use the. letter "X" as a prefix to show the experimental
na.ture of the. design. It va,s also decided to add tbe letter "T" to ';

‘-:indica.te-in the phra.seology of the. C'cmmittee s minutes—?'the word .

. 'tentative' or 'tiny (or eomething) ", Thus the weapon became ‘known a8
© . T~V (and, soon therearter, the TX-5) and the Committee as the TX-5.~ '
Steering Committee.  The adoption of this system ‘'set the pattern for

many . su'bsequent atomic devices.9

(®X), (B)(3)
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). G The possibilities of contact or even
‘E‘surfa.ce burst requiremen‘E’s'"ﬁ'e're 'briefly considered but it was i’elt .
thst the basic design of e.n implosion weapon made e.mrthing but e.ir 'burst
impossible. ' e T A : SR e

(b)(1) b)(3)

. Computer time was scheduled, e.nd it was hoped to have compression figures -
i-in about 3 months. 10 (Subsequently, due to the pressure’ of other computer.’
programs, it was: decided to interpolate, using other compntationa.l Tesults. ).
The Steering Comittee established a schedule calling for prelimina.ry dss
sign by Januar.v 1, 11950, and complete. design July 1, 1950, @

._Th.e contents of a December 10 19118 1etter from the AEc Genera.l Advisory
" :Committee were discussed in the Ja.nua.ry T, 191t9, meeting of the TX=5 -

Steering Committee.f This letter sta.ted the.t reduction of size and veight
©oof. atomic weapons was vitally .unporta.nt to na.tione.l defense and that the ,
- AEC wholeheu'tedlq' supported the e.'Lms of the Steering Comm:.ttee A this

- ‘..rega.rd.- ’L‘he Advisory Comittee hoped. that. the new small vea.pon could be
- ready’ for production soon after proof-firing, ‘and- suggested that. 2. sub- S

) 'ste.ntiel portion of the implosion stockpile in eerly 1950 be ma.de uP Of
‘.the ner.r bomb The progre.m was according]y eccelerated.]..‘?; . '

e

» Pro'blems of: nuclear safing ha.d meenwhile been studied The Sandia Resea.rch
eand Development Board {later renamed Sandia Wea.pons Development. Boa.rd and
still leter, Special- Weapons Development Boa.rd) wa.s a group: 1ncluding
' .representatives from Sandia-and the Amed Forces Speciel Wee.pons ProJect

o the militery organization formed to hendle military problems. connected L
- with the’ atomic bomb. - The Board held an- initial meeting March 2, 19h8 a.nd
: _"_:,'fSUSSested that design attention be pa.id to the possibility of extracting -




P veapon unexpended. :

L the nuclea.r capsule of.s.n atomic bomb vhile it vas being ca.rried to the ;-
Af-'_target.' This action would prevent nuclea.r detona.tions caused by a landing
" accldent, should the mission be. a‘borted or the plane return to base with

13

’Dhe Tactical a.nd Technical Liaison Comnittee, established bsr the Air Force'.".j P

to provide atomic liaison, hed suggested, Merch 26, 1948, that 'both ex-'-;

traction and insertion in flight would increase aircraft and airport:
. safety, and reduce nuclear contamination caused by accidents during .

b
takeoffs or landings lh ®)3)

(BN, (1)3)

)3

- The next step 'was to des:.gn some: type of capsule ha.ndlins dev1ce, _end this
e became known as an inflight’ insertion mecham.sm.i The device mitiallY Vas .:

K ma.nually operated but this operation was. avkward. due: to l&ck of’ room. in
'the bomb. bay, and the fact that- the aircraft- bad to fly st low. altitudes
] during insertion or- extraction. (The bomb bay was not pressurized a.ud

pcrsonnel operating the. equipment would have ‘been handicapped i required S
3 :‘:"'to wear oxygen masks ) An a.utoma.tic a.nd remotely controlled mecha.nism ves -




: Consideration wa.s given to the necessity for duplicate bridge vires in

1",".f~;_.':ea.ch detonator ‘(b)(ﬂ ©&)

IThe use of" single bridge wires was then proposed with two ' S
.X-units connected 1n parallel to each bridge vire. - This raised. the s o
question as. to vhether one X—um.t would rire ba.ck through the Other: L
- rather than across the bridge wires, and it ‘was eventuall;y decided tO
:provide one- highly reliable X—-unit and to use single bridge wires. B

. LIPS :

Initial Sandia. mention of ‘the new veapon vas made in'a progress report

" of, Fe‘brua.ry 18 1949, wherein it was noted that SLE-T ‘had been organized
'.a.s ‘the FM Mk V D:i.vision.]}8 This Division, in starting design work, iras
confronted with ‘the genera.l shortage of office and engineerins -8pace - a.nd

‘facilities at Sa.ndia caused by the concu.rrent startup or expansmn Of
" other design pro:]ects. ' ' ' |

v

"Selection- of a.ircra.fb to carry the TX—-S was discussed in the Steering
h Committee meeting April 8 19149. The- Air Force program -ves currently
' slanted tovard use of. heavy, long-ra.nge 'bom'ba.rdment a.ircraft. .. '

fat least 2 yee.rs. Conseq_uently, there wa.s some feeling that current '
:.'schedules might. produce a new. “bomb 'before 8 smtable bom'ber 'became
'_'available.]fg ' L '
o -As & éesult of the s.bove meeting, a ‘I‘X-s Ad Hoc Pa.nel was appointed by the
o b)(1), (bX3
Militaq Lisis_gp Committee’ May 125 19&9,20( 1. 0)3)

It vas .agreed that es smaIl a
diameter as- practica'ble should 'be selected since it would 'be rela.tively




':."_l-.‘"'l'he Tx-‘j proJect is: one of the weapon developments in’ which the o
""f'_.'.:interest of . the Atomic Energy Commission reflects a general con- LU
-~ “cern that. within the .next few years the probl ot S‘mcessm 3
. .Adelivery‘ of a.tonuc weapons may come to overshadov the problem °f
- -Aincreasing the destructive ‘potential of the veapons themselves. S
) .t The Commission recognizes the primary respon31bility of the
- using forces to set’ forth desired technical cha.racteristics .
' of weapons, as these characteristics bear on the delivel'y problem.
..The Commission remains anxious, however, that 1ts best technical""'
’ effort be contributed to a solution’ of this pro‘blem in all of its.. L
. :veriants which impinge in the. area of ‘the Commission s responsibility." .
_ ‘The Commission will therefore continue to keep you ful]y informed ' :
-of-prospective reductions.in weapon size a.nd weight hoping that full 3 '
.:',advanta.ge will be taken of these’ forecasts to esse- the problems °f '
) development of futu.re carriers, ‘a field in which the development
cycle is of course substa.ntially longer than the ‘usual cycle of

development of the associated weapons."22

‘I'he Military Liai on Comm:.ttee wrote to the: Division of Mllltary Application

February 9y 1950,| \oting their belief that 1a.rge«-mp1osion—'bom‘b performance

"'A'-‘i:"i if4'fx—5 or to plan for any su'bstantial stockplling-

- could be consider ly improved through ‘use of ‘pucléar design improvements
-produced by. the TH-5 vork, aid stating that.the smaller bamb should be -
‘_;"reserved for: use in guided missiles. The Comm.ttee .proposed .tkat. a 5.-'.
: Ade°151°n cn TX-5 Production .be mage after the. 1951 tests;, ‘and- stated ol
. ':'that it aPPeared inadvisableé at this time ‘to freeze. des:l.gn on a production

23 The- Divismn of. Milita:ry

P Application stated, in e reply dated March 30, 1950, “that the. TX-5 nuclear L :

A 'de-°‘181‘ improvements mght obviate a.ny need. for larger ‘bombs but agreed o

: . that higher priority Vould be assigned to use of the 'I'X—5 with futu.re
'Euided misnles.?h' < : IR :
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The! schedule that Sa.ndla. subsequently prepared established a ta.rget date
of Januery 1, 1952, fOr Mk S production. Qua.ntlty requirements were
authorized in a Milita.ry Liaison. Committee direct:we of ‘September 1h, 1950

- and . these flgures were revised upwa.rd Decenber. 18 The Atomic Ener&‘f
. Commission urged all possible speed and- noted that'

"Certein procedures may.be varranted at. this time that would
Otherrise not. ‘ve undertaken untll the weapon characteristlcs o
S vere more completely deﬁned. There 13 an. obliga.tion ‘on us o A
* all to. _economize in both effort and ‘money by - identlfying
" A PromPtly the areas of uncertainty and- pressing for their o
resolution. There. is an equal obl:.gation, hovever, to take :

:.',;'The cumula.tive ef‘fe'-t of the ebove correspondence might have redirected. o R
_"'i'the TX-S program, if the international s:[tua.tlon had not intervened. 1_ .
:'-.‘}-'The 1ncreasing pressures of the cold var a.nd eventual outbreak of the '
- ~"Korean confllct ca.used a.n accelera.tlon of national defense plans a.nd
~"". . programs; and resulted in'a Mag 10, 1950, ‘visit to'Los Alamos by “the
".._Director ‘of the Diw.sion of Mlhta_ry Applica.tion._ This nsit was dis- :
. ‘cussed. in the MEN 26 1950 meetlng of the TX—S Steering Committee, in
“which it wa.s hoted that it would be necessary "to "pick up e tev’ months
.;',or even 'a’ year" in TX-S 1:‘rc>d.uct:lon.25 Subsequently, a. teletype ‘wes |
. °. received July 11, 1950, from Washington AEC which, in part, stated:
. 7-‘"Ant1¢ipat1ns a Military requirement not yét firm you are- directed to.
:-"formulate a Plan using all. fa.cilitles at your disposal to deliver to’
Ver. Reser"e at ‘the eerliest possihle date service models of TX-S "26

“acticn as mecessary to maintein the: best possible schedule,, w T

"~ even. a.t the risk of occasionally involv:lng ourselves in R
unproductive ventures.’_'_a?_ ' "
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' ;. unlatched during final a.ss’embly"or postloadiné “tests 36 7 @)X, (0)3)

The low-burst cables were temporarily with-

,"'..'drm, testers mod.i.fied and. the lov-burst oapability restored in Apnl
.-1952 ‘ - S : :

© The Mk 5 Mod- 0 Bomb was discussed in the. August 6, 1952 meeting of the
. Special Weapons Development Board. It was noted. that contact res:Lstance '

- of the. barosuitches increased with age, but that this could be corrected

" by cleaning the contacts with solvent, cha.nging the msulating material )
.to eliminate an cutgassing problem, and using gold alloy- contacts. - The - :
'-:1nf118ht insertion mechenism hed a tendency to overshoot and cause excess:.ve

-‘ ,"eu', and a slipping ‘clutch was- added to correct this difficulty The: Board

acéepted the weapon for stockpiling, since corrective action wa.s being taken
“on these 1tems 3T, : : o

','The Mk 5 Mod 1 Bonb resulted from an Armed Forces Speci'al Weapons Pro,j'ect'
) request that . cables to supply external pover to heaters for batteries and -

radars be provided to maintain these items at operating temperature in’ cold

o 'veatherg Stockplle production of the Mk 5 Mod 1 sta.rted November 1952.

38

.'On October 13, 1953, Sandia suggested that the inflight insertion mecha.nism .
. | of the Mk.5 Bombs. be reworked to mcorporate all design: changes that had

) "been Droposed in this apparatus. At the seme time it ves "suggested that

..~ study of this subject was instituted in m1d-1951.. .

the cartridge mountlng be altered to allow a bomb—to—warhead converslon
.ca.pa’oility, and this proposel was a.ccepted.t- Design release vas eftected

-"Vﬂovember 1953 -and the rensed weapon stockpiled 1n June l95h as the M 5
- M2 Bomb..39 :

. .'A. considerable change to the Mk 5 Bomb was made in the Mod 3, which 1ncor- :
' porated a new ‘fuze. General dissatisfaction with the complex:.ties of a -
_.radar fuze had caused Sa.ndia to. examine other methods and an intensive

ko The smplest system

: would havé been & pure- barometric fuze, ‘but this des:.gn had la.rge 1nherent
"'inaccurac1es.§} An impact fuze offered manw a.dva.ntages, including that of
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ok

; destruction of the ‘bomb in the event the regular fuz.e fa.iled and much

g effort wvas expended on this device. : This required the ;:se of &8 fast—
’ ’ - 2 - .
o .firing X-unit and suitable design work vas instituted.

By the fell of. 1952 8 four-option fuzing system ‘was heing studied for
Mk S ‘application. : “This system included baro primary, ra.dar primary, ~:;
" .timer. primar_v', and contact. Contact backup would ‘be provided for °=
:‘the three air-‘burst options. The fuzing option would be . gelected. during
weapon assem'bly, through ‘an access port in' the. skin of the bamb, by
. insertion of the proper plug in the top of the Junction box. '. B

'A report on the above proposel was made ‘to the Special Weapons Develop-' o :
" ment Board September. 10,.1952. Some members: of the Board felt that remote
"selection of the fuzing option should be possible from the bomber while .-
-the wedpon was being carried to the target, and other Board members re--
. quested- thet Sandia study the possibility of. prondins a fifth option, L
" that of‘a baro—armed radar fuze. 3 S )

. f",A. proposal for a modification of the Mk 5 with the a'bove five funng
nptions, together with a' suitable fast-firing ¥-unit, was forwarded to”
the Divis.ion of Military Application on October 22, 1952, “and BUbsequmtw-=_~

' 'referred to the Military Liaison Committee.hLl The Comittee, in their -
'A-A". review of the proposal, requested deletion of the radar fuzing option. i’ o
) -._and asked that inflight selecta'bility 'be provided for the baro, timer and . G e
-“:i_'. conts.ct options. 'I'his requirement was ‘discussed e.t the December 10 1952
'fmeeting ot the Special Weapons Development Board, and it was a.greed that
o the new fuze could be designed by May 1953 45 - . o

. In the meant:.me the concurrent development of many different fuzes for o
: f_various weapons had generated concern, within both Sandie and the Armed .1 '
- . Forces Special Weapons: Project. By Januery. 15, 1953, five: such fuzes B
."ere currently under de51gn for the Mks 5, 65 Ts: 12 and. 13 These fuzes L
B reciu:!.red 30 different pieces ot support equipment and 1t was felt that

:.this PrOliferation of gear would complicate training, operations, a.nd
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